Consequently, breakdowns in the treatment of drinking water and/or increased excretion of hepatitis viruses, which could be related to the arrival of a new population, could spread future outbreaks through drinking water.
INTRODUCTION
Hepatitis E virus (HEV) and hepatitis A virus (HAV) are small, non-enveloped viruses that contain positive sense single-stranded RNA genomes of 7.5 and 7.2 Kb respectively (Purcell & Emerson ) . HEV and HAV infections cause water-borne acute hepatitis with frequent onset of jaundice, called acute jaundice syndrome (AJS). The disease is selflimiting, with a low mortality rate in the general population, higher for HEV (1%) than for HAV (0.1%); however, a casefatality ratio that might reach 30% in pregnant women has been reported in HEV infections during the second and third trimesters (Dalton et Although HEV and HAV share the same routes of transmission, outbreaks of HAV are not normally detected in endemic areas; this is related to a high prevalence of seropositivity among those populations from early childhood, which confers them lifelong immunity (Martin & Lemon ) .
A study carried out in 1993 in the N'Djamena region in Chad detected anti-HEV antibodies in 83% (34/41) of hepatitis cases and in 22% (19/86) of the control subjects, whereas none had serological markers for acute or recent infection by HAV (Coursaget et al. ) . These results suggested that Chad could also be an HEV endemic area in addition to other recognized endemic areas, such as Sudan with anti-HEV seroprevalence of 18% (Hyams et al.
) and Egypt with 24-25% (Goldsmith et al. ).
In 2003 a violent conflict in Darfur (Sudan) affected the population that moved westwards to take refuge in Chad. additional water samples were collected from boreholes (60 m deep).
Samples from Goz Amir refugee camp
Seven water samples of 10 L each was collected from different sources of drinking water in the Goz Amir Refugee
Camp. One water sample was collected directly from the river (Bahr Azoum); three water samples were collected from wells and three water samples were collected from boreholes. In addition, 28 faecal samples from donkeys were collected from distinct areas within the refugee camp.
Positive controls
As 
Sample processing

Virus concentration from water samples
The method used to recover virus particles from water samples was chosen on the basis of previous studies The columns were eluted in the laboratory by gravity flow using 200 mL of 0.05 M glycine buffer containing 3% beef extract at pH 9.5 ± 0.2. The eluate was flocculated at pH 3.5 ±0.2 and centrifuged at 7,000 × g for 30 min. The pellet was resuspended in 5 mL phosphate-buffered saline (PBS) and stored at À80 W C until analysis could be conducted.
Virus concentration from faecal samples
Faecal material was distributed in seven pools of specimens from four donkeys each and shipped to the reference laboratory at 4 W C. Maximum transport time was 4 days. Once in the laboratory, 1 g of each pooled sample was dissolved in 0.25 N glycine buffer pH 9.5 using vortexing for 15 min.
The suspended solids were kept on ice for 20 min and separated by centrifugation at 12,000 × g for 15 min following the addition of 3.5 mL of 2 × PBS. Viruses were pelleted by ultracentrifugation (229,600 × g for 1 h at 4 W C), resuspended in 0.1 mL of 1 × PBS, and stored at À80 W C until analysis.
Nucleic acid extraction
The nucleic acids from viral concentrates obtained from water and faecal samples were extracted following the man- Ten microlitre aliquots of the nucleic acid extractions were analysed, corresponding to 21.8 mL of water sample.
Dilutions from 10 À1 to 10 7 genomic copies (GC)/10 μL of the standard were analysed in triplicate.
Standard precautions were taken in all PCR assays by using separate areas for the diverse steps of the protocols. 
Nested PCR (nPCR)
In order to verify the HAdV qPCR results and to characterize the strains present in the samples, the positive samples were analysed by nested PCR (nPCR) for further sequencing.
A set of primers and PCR conditions previously described by 
Sequencing and analysis of viral genomes
Amplicons obtained with nPCR were purified using a QIA- www.ncbi.nlm.nih.gov/BLAST).
Faecal coliforms in the analysed samples
Bacteriological analyses were carried out on water samples after collection from the site when possible, by a membrane filtration method using a DelAgua test kit (DelAgua, Robens Centre, UK). After filtration, samples were incubated at 44.5 W C ± 0.5 W C on selective growth media. After approximately 18 h, the colonies can be visualized on the filter paper.
Ethical considerations
The study performed in this manuscript was authorized by the Chadian Ministry of Public Health.
RESULTS
Incidence of AJS in Dar Sila camps
The review of EWARS surveillance data indicated that The periodicity pattern for the last 5 years showed no consecutive outbreaks in the same site. All the data is summarized in Table 1 .
Presence of human faecal contamination in water samples
The level of human faecal contamination of the sampling sites was evaluated by determining the concentration of HAdV. Furthermore, levels of faecal coliforms were evaluated when possible.
Human adenovirus was detected in one of seven ana- and Goz Amir (6/7) ranged from >50 to 3 colony forming units per 100 mL, although some analysis were performed at the same location but on a different date for the collection of water used for virus analysis (Table 2) .
HEV and HAV in analysed samples
HEV and HAV were not detected in any water sample This is the first time an attempt has been made to isolate HEV in water from an unstable setting, as in the situation in Eastern Chad, through a prompt screening of drinking-water points. Although sophisticated laboratory technology is needed for such testing, it is rarely performed even in stable settings. Even though HEV was not found, this study has provided a picture of the potential risk for viral contamination that exists in sources of drinking water and
given additional information about water quality within the camps. Faecal coliforms analysis were performed at the same location but different date (within the last month).
The limited available data on faecal coliforms observed suggest the presence of faecal contamination in some water samples before the disinfection treatment; however, more specific information on the viral contamination of human origin would be provided by the viral parameters analysed.
The lack of correlation observed between faecal coliforms and viral contamination in the few samples where these data are available, is not conclusive, but this lack of correlation has also been described in previous studies 
CONCLUSIONS
The analysis of viruses in this study has provided useful information that may not be obtained using the bacterial indicators described in international standards. The number of samples collected was limited and HEV was not detected in the environmental samples tested (water and donkey faeces). This observation is in accordance with the absence of a significant number of cases of AJS during the specific period studied. However, the presence of human adenoviruses at low levels in some of the water sources studied indicates that potential routes of faecal contamination for water-borne viruses may exist.
